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[57] ~ ABSTRACT

A CMOS data clock oscillator circuit is disclosed
which provides a simple, inexpensive, high-specifica-
tion oscillator with an accurate duty cycle. The data
clock oscillator 100 includes an oscillator stage 121
providing an AC output signal having an average DC
value determined by an applied bias voltage, a limiting
stage 124 having MOSFETSs 102 and 103 configured to
form a back-to-back limiter network to limit the ampl-
tude of the AC output signal, a CMOS biasing stage 122
including complementary MOSFETs 104 and 105 con-
figured to form an active resistor voltage divider net-
work providing the bias voltage for the oscillator stage,
and a CMOS buffer stage 123 including complementary
MOSFETSs 106 and 107 configured to form an inverting
amplifier network having a predefined input switching
threshold. Buffer stage MOSFETs 106 and 107 have
conduction types, geometries, and device parameters
matched to those of bias stage MOSFETSs 104 and 105,
respectively. In this way the inverter network input
switching threshold tracks the bias voltage over
changes in temperature, supply voltage, and manufac-
turing process tolerances. The instant invention 1s par-
ticularly well adapted for use as a data clock oscillator

in microprocessor applications.

20 Claims, 5 Drawing Figures
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DATA CLOCK OSCILLATOR HAVING ACCURATE
DUTY CYCLE

BACKGROUND OF THE INVENTION

The present invention relates generally to the field of

- oscillators, and, in particular, to improvements in Crys-
tal-controlled CMOS data clock oscillators which must
meet stringent square wave output spectfications.

Modern semiconductor technology has made possi-
ble the development and production of highly stable
reference oscillators for a wide variety of electronic
equipment. Data clock oscillators, utilizing complemen-
tary metal-oxide-semiconductor (CMOS) technology,
have been widely used in various timing applications
over the frequency range of 0.5 MHz to 30 MHz. The
stringent electrical specifications for such data clock
oscillators include: operation over a wide temperature
range (—40° C. to +85° C.); high frequency stabilities
(+/—100 parts per million); low power consumption
(100 milliwatts); supply voltage operating range (4.3 to
5.5 VDCQC); and precise duty cycle control.

Although many data clock oscillator applications
only require a nominal 40%-60% duty cycle, several
computer or communications-based IC designs now
require a more precise duty cycle within at least a
45%-55% tolerance. Such a requirement 1s specified for
the Motorola MC68000 series microprocessors. - Fur-
thermore, certain microprocessor applications require
even tighter specifications, such as 50% +/—3% sym-
metry. |

Several alternatives exist to achieve precise duty
cycle control. It is well known that a perfectly symmet-
rical duty cycle can be achieved by operating the oscil-
lator at some multiple of the desired output frequency,
and then dividing the oscillator output signal by means
of a digital divider circuit. Hence, in integrated circuit
designs, the oscillators often run at twice the required
frequency, and the output is then fed to a flip-flop to
achieve an accurate 50% duty cycle. However, this
divider approach limits the upper frequency boundary
that can be achieved with a crystal resonator operating
in the fundamental mode. The additional divider cir-
cuitry also significantly increases the cost and complex-
ity of the oscillator—solely to achieve an accurate duty
cycle.

A second approach for achieving a more accurate
duty cycle output is the addition of an automatic gain
control (AGC) circuit with a sine-to-square wave con-
verston circuit. The AGC would compensate for varia-
tions in supply voltage V¢, temperature variations,
and integrated circuit processing variations, and the
low-level output signal would then be converted to the
required square wave. An AGC circuit, however, tends
to degrade the signal-to-noise (S/N) performance of the
oscillator, since the AGC requires small signal ampli-
tudes to operate. This degradation is in addition to the
obvious cost and complexity disadvantages of addi-
tional AGC circuitry.

The prior art also teaches that the use of complemen-
tary-type transistors, i.e.,, PNP/NPN or P-channel/N-
channel, between the power supply voltage Ve and
ground voltage Vgs, improves the output waveform
symmetry. Moreover, it 1s also known that the thresh-
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one and the same integrated circuit, tend to track each
other over temperature and process variations. Hence,
using a combination of these approaches, the waveform
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symmetry then becomes dependent upon the tracking
characteristics of the output CMOS stage. Although
presently available CMOS data clock oscillators can
surpass the minimal specifications of frequency toler-
ance, temperature stability, and supply voltage rejec-
tion, unfortunately, they often fail to meet the stringent
duty cycle requirement of 50% 4 /—5%.

A need, therefore, exists for a simple, cost-effective,
data clock oscillator which exhibits accurate output
symmetry over variations in frequency, temperature,
supply voltage, and processing.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide an improved and simplified data clock oscil-

lator which overcomes the aforementioned deficiencies.

A more particular object of the present invention 1s to
provide an improved CMOS data clock oscillator cir-
cuit for applications having precise duty cycle require-
ments. -

It is a further object of the present invention to pro-
vide an improved data clock oscillator circuit having
reduced circuit complexity and decreased manufactur-
ing Costs.

Briefly stated, the present invention provides an im-
proved CMOS data clock oscillator circuit comprising:
an oscillator stage including a piezoelectric crystal, a
plurality of reactive elements, and a first MOSFET,
configured to form a Colpitts oscillator providing an
AC output signal having an average DC value deter-
mined by an applied bias voltage; a limiting stage in-
cluding second and third MOSFETs configured to
form a back-to-back limiter network providing a soft
clipping action to limit the amplitude of the AC output
signal such that it remains within the operational supply
voltage range; a CMOS biasing stage inciuding fourth
and fifth complementary MOSFETs configured to
form an active resistor voltage divider network provid-
ing a bias voltage applied to the oscillator stage; a
CMOS buffer stage, coupled to the oscillator stage
output, including sixth and seventh complementary
MOSFETs configured to form an inverting amplifier
network providing a square wave output signal, the
inverting amplifier network having a predefined input
switching threshold, the sixth and seventh MOSFETs
having conduction types, geometries, and device pa-
rameters matched to those of the fourth and fitth MOS-
FETs, respectively, such that the inverter network
input switching threshold tracks the bias voltage over
changes in temperature, supply voltage, and manufac-
turing process tolerances.

The resultant oscillator configuration exhibits excel-
lent output waveform symmetry, since the active resis-
tor bias stage is matched to the output buffer stage to
allow the bias voltage to track any movement in the
buffer switching threshold. The limiter stage prevents a
high amplitude oscillator stage output signal from ap-
proaching the power supply rails, which could distort
duty cycle. In the preferred embodiment, one of the bias
MOSFETSs is given a different geometry to slightly
offset the bias voltage from the switching threshold so
as to prevent output triggering on random noise while
still maintaining a precise duty cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention which are be-

lieved to be novel are set forth with particularity in he
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appended claims. The invention, together with further
objects and advantages thereof, may best be understood
by reference to the following description taken in con-
nection with the accompanying drawings, in the several
figures of which like-referenced numerals identify like
elements, and in which:

FIG. 11s a schematic circuit diagram of the improved
data clock oscillator according to the present invention;

FI1G. 2 1s a graphic representation of the crystal oscil-
lator stage output voltage and the buffer stage output
voltage versus time for the data clock oscillator circuit
of FIG. 1;

FIG. 3 is a schematic diagram of the preferred em-
bodiment of the constant current source 113 of FIG. 1;

FIG. 4 1s a schematic diagram of an alternate embodi-
ment of the output buffer stage 123 of FIG. 1; and

FIG. 3 is a schematic diagram of an alternate embodi-
ment of the limiter network 124 of FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT )

The preferred embodiment of the invention, illus-
trated in FIG. 1, is data clock oscillator 1006 imple-
mented in a CMOS integrated circuit (IC). For pur-
poses of understanding the invention, FIG. 1 has been
divided into four functional blocks: (1) oscillator stage
121; (2) input bias stage 122; (3) output buffer stage 123;
and (4) hmiter stage 124. ’

Oscillator stage 121 performs the frequency genera-
tion function, and in the preferred embodiment, is con-
figured as a Colpitts-type oscillator. However, for dif-
ferent applications, oscillator stage 121 may be config-
ured as a Pierce, Clapp, or other type of oscillator con-
figuration. Moreover, oscillator 121 may include addi-
tional circuitry for temperature compensation, fre-
quency adjustment, or frequency modulation, if desired.

Input bias stage 122 performs the function of provid-
ing a DC bias voltage for oscillator 121. The transistors
In the input bias stage are configured as a voltage di-
vider utilizing the “active resistor” type of configura-
tion, which will be described in detail below. The
matching characteristics of the active devices and their
device tracking capabilities allow the present invention
to achieve a precise duty cycle.

Ouiput buffer stage 123 provides the signal amplifica-
tion and/or output squaring functions as well as a load
1solation function for the oscillator circuit. A buffer
amplifier stage is often attached to an oscillator circuit
to amplify the oscillator signal (voltage or current am-
plification) or to match the oscillator output to various
load conditions. However, the particular matching
characteristics and circuit configuration described
below allow the present invention to provide accurate
output symmetry without elaborate AGC or divider
circuitry. -

An important feature of the present invention is that
the input bias stage is constructed to track the output
buffer stage over temperature, voltage, and processing.
This requirement may readily be achieved utilizing
CMOS integrated circuits by matching the geometries
of input device 105 to output device 107, and matching
input device 104 to output device 106. As used herein,
the term matching two devices refers to utilizing the
same conduction type of device and constructing their
respective geometries such that the two devices have
the closest electrical characteristics that can be readily
achieved for the type of device.
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For example, in MOS integrated circuits, transistor
105 would be matched to transistor 107 if the two de-
vices were both either NMOS or PMOS, and if their
respective channel width dimension W and channel
length dimension L were constructed to be substantially
identical. Furthermore, the two devices can be made to

track more closely over temperature and processing
variations if the two devices were located next to each
other on the same integrated circuit substrate. The dif-

ference in threshold voltage Vrbetween two CMOS is
very sensitive to placement location on the integrated
circuit.

Limiter 124 serves to prevent the cscillator output
amplitude from reaching supply voltage V¢ at 114 or
ground voltage Vss at 115. Without the limiter, the
oscillator output signal could swing above supply or
below ground such that a change in the average DC
voltage of the output signal could effect the duty cycle.
This limiting action will be more fully described below.

In the preferred embodiment, oscillator 121 is config-
ured as a Colpitts-type oscillator implemented using
N-channel MOSFET (MOS field effect transistor) 101,
having gate G, drain D, and source S terminals as
shown in FIG. 1. Transistor 101 of the oscillator may
alternatively be a bipolar transistor as might be imple-
mented in a bi-MOS process. Device 101 is selected to
give the proper transconductance (g,,) to sustain oscil-
lation at the highest frequency of interest.

The DC bias for the gate terminal is provided by
input bias stage 122 at node 118. The gate of transistor
101 also serves as the oscillator output node, which
supplies the oscillator AC output signal to output buffer
stage 123, as well as being connected to the resonator
tank circuit. The crystal oscillator tank circuit is com-
prised of the series combination of capacitor 111, capac-
itor 112, and quartz crystal 110. Capacitor 111 is con-

- nected between node 118 and 119, which represent the
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gate and source terminals of transistor 101, respectively.
Capacitor 112 is connected between the transistor
source terminal at 119 and the negative supply voltage
Vss terminal 115. Quartz crystal 110 is connected as
shown between the gate node 118, and Vgs terminal
115.

In the preferred embodiment, crystal 110 is an AT-
cut strip resonator operating in the thickness-shear
mode of vibration, and in the fundamental mode of
oscillation, at a frequency between 10 and 20 MHz. It is
contemplated, however, that other crystal cuts, types,
and modes of vibration may also be used. However, it
has been found that a third overtone crystal is undesir-
able due to the added cost and unreliability of the addi-
ttonal circuitry needed to suppress the fundamental
mode. Furthermore, the present invention may be used
with a crystal operating at any frequency, but with the
instant circuit configuration, there is no need to run the
crystal at twice the output frequency with an output
divider circuit.

Constant current source 113, connected between the
source of transistor 101 and Vgg, serves to regulate the
drain-to-source current of transistor 101. Constant cur-
reni source 113 may be replaced by a simple resistor, a
standard transistor current source network, or the
CMOS current source which temperature compensates
the oscillator gain, as subsequently described in FIG. 3.

Input bias stage 122 is comprised of P-channel MOS-
FET 105 and N-channel MOSFET 104 in an “active
resistor divider” configuration. As can be seen in FIG.
1, the source of P-channel device 105 is connected to
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Vcc at 114, while its gate and drain terminals are cou-
pled to the gate and drain terminals of the N-channel
device 104 at node 117. The source terminal of transis-
tor 104 is connected to Vss. In this active resistor con-
figuration, the voltage at node 117 is dependent on the
ratio of the device geometries of transistors 104 and 105,
which are nominally selected for a voltage of Vc/2.

Capacitor 108 is also coupled from node 117 to Vsgs.
Capacitor 108 serves two purposes. First, capacitor 108
serves as a low-pass filter to power supply noise utiliz-
ing the “on resistance” of MOS device 105. Secondly,
capacitor 108 functions as an AC short circuit for lim-
iter stage 124, described below.

Resistor 109 couples the low impedance bias voltage
at node 117 to the high impedance oscillator input node
118, and hence, should be of a reasonably high value.
The value of resistor 109 must be at least 20 kilohms,
such that it does not degrade the high Q of the resonant
tank circuit. In the preferred embodiment, resistor 109 is
implemented as an N-well resistor having a value of 60
kilohms.

Resistor 109 and capacitor 108 are not necessarily
required to make the input bias stage function correctly.
However, if the limiter stage is used, a low impedance
point at the input to the limiter is necessary, which is
accomplished by capacitor 108. Resistor 109 is then
required to transform this low impedance to the high
impedance bias voltage output.

Output buffer stage 123 is comprised of CMOS de-

vices 107 and 106. Transistor 107 has its source coupled
to Vccat 114, its gate connected to input node 120, and
its drain connected to output node 116. Similarly, tran-
sistor 106 has its source connected to Vssat 115, its gate
connected to input node 120, and its drain connected to
output node 116. In this complementary output configu-
ration, the linear oscillator output signal at 118 is con-
nected to the buffer stage input node 120, and is then
amplified to a square wave output signal at node 116. In
the preferred embodiment, the CMOS output stage
buffer is configured as an inverter. |

To obtain a symmetrical duty cycle, the input switch-
ing threshold of buffer stage 123 at node 120 must be set
to precisely equal the average DC value of the oscilla-
tor AC output signal available at node 118. Further-
more, these points must remain equal over changes in
temperature, power supply voltage variations, and sub-
sequent data clock oscillator MOSFET manufacturing
process tolerances. The present invention accomplishes
this goal by designing input bias stage 122 to provide a
bias voltage Vpp at node 118 which tracks the buffer
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stage input switching threshold voltage V7riG at node

120 over temperature, process, and power supply varia-
tions. |

To accomplish this result, the P-and N-channel B’s

and threshold voltages must be matched. The gain pa-
rameter 3 (Beta) of a MOS device is a function of pro-
cess parameters and the geometric size of the device. It
is given by the expression:

B=K'XW/L

55

60

where K’ is the intrinsic transconductance of the device

(a process parameter), which is itself the product of the
carrier mobility u and the gate capacitance per unit area
Co, W is the geometric channel width, and L is the
geometric channel length. The device threshold voltage
V ris a function of process parameters (e.g., oxide thick-
ness) and is affected by the geometry of the device (1.e.,

63
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channel length L). To achieve optimum matching be-
tween devices, the following rules must be adhered to:

1. The devices should be of the same conduction
type, or structure (i.e., P-channel devices are matched
to P-channel devices and N-channel devices are
matched to N-channel devices). -

2. The devices should remain at the same temperature
(including approximately the same power dissipation).

3. The devices should have the same shape (circular
or rectangular) and the same size (channel width and
length dimensions). |

4. The devices should have a minimum separation in
layout (to avoid process parameter gradients such as
oxide thickness).

5. The devices should have the same orientation on
the IC (i.e., parallel drain-to-source current flow).

6. The devices should not be minimum size (e.g., 4
micron versus the minimum 3 micron dimension) to
avoid short-channel effects.

If the above rules are followed, a threshold voltage
mismatch and 8 mismatch can be held to less than 5%.

Limiter 124 is comprised of two N-channel MOS-
FET devices 102 and 103 connected in a “back-to-
back” limiter configuration. The drain of transistor 102
is connected to its gate as well as to the source of tran-
sistor 103, and serves as the limiter reference point. The
source of transistor 102 is connected to the drain and

gate terminals of transistor 103, and serve as the limiter
input terminal. As mentioned above, limiter 124 clips

- the amplitude of the oscillator output signal such that

there will be a symmetrical swing about an average DC
voltage without clamping to Vccor Vss. An alternate
configuration for limiter 124 will subsequently be de-
scribed in FIG. 5. |

The W/L dimensions of devices 102 and 103 are
selected to provide a “soft” limiting action to facilitate
a high circuit Q. In the preferred embodiment, these
device sizes were selected to yield a 3.3 Vp.psignal at
node 118, resulting in a high S/N ratio. The limiting
function requires that there be a short circuit to Vs at
the limiter reference node 117. This short is provided by
capacitor 108. The value of capacitor 108 1s selected to
be an AC short at the lowest frequency of interest. |

The use of limiter 124 permits oscillator operation at
high signal amplitudes, thus improving the signal-to-
noise ratio over AGC-based designs. For example, the
preferred embodiment limits at approximately 3.3 Vp.p,
which is approximately a 15 dB improvement over the
equivalent AGC design. The back-to-back configured
device pair limits the amplitude of the oscillator signal
to approximately +/—Vgs. The gate-to-source voltage
is a function of geometry and threshold voltage, and 1s
given by the equation:

VGs = ~I[2 Ip/B] + VT

wherein Ip is the drain current during limiting.
Referring now to FIG. 2, the crystal output wave-
form Vyr4s at node 118 is shown overlaying the output
squarewave Voyrat node 116. Since the output buffer
stage is an inverter circuit in the preferred embodiment,
Vour approaches Vcc when Vyry4r approaches Vgs.
According to the teaching of the present invention, the
oscillator bias point Vg, which 1s determined by the
active resistor network of the input bias stage, must
track changes in the output buffer stage trigger thresh-
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old Vrgric. More specifically, utilizing CMOS devices,
the geometry of input device 105 must match that of
output device 107, and, similarly, the geometry of input
device 104 must match that of output device 106. In this
manner, the bias voltage V ppand the switching voltage
V 1ric linearly track over variations in processing, tem-
perature, frequency, and voltage, such that a highly

symmetrical output signal is provided.
- A further feature of the present invention is that the

bias voltage V pgcan be set at some value that is higher
or lower, by some offset voltage Vs, than the switch-
ing threshold V7gr;c of the output buffer stage. This
offset feature prevents uncontrolled oscillation. Al-
though the introduction of offset voltage Vg affects
the duty cycle, if the offset is chosen to be small enough
(less than 0.1 VDC), then the output symmetry will be
within the 50% -+/—5% symmetry specification.

This offset feature is illustrated in FIG. 2 by noting
that Vyr4s has an average DC value equal to the bias
voltage V pg. However, the output buffer stage voltage
switching threshold Vrrig at node 120 is illustrated to
be below Vpp by some offset value Vps. Hence, the
zero-crossing point of the oscillator stage output wave-
form Vx741 occurs at a slightly different point in time
from the output waveform Voyr zero-crossing point.

In the preferred embodiment, the output buffer stage
devices 106 and 107 are matched to the input bias stage
devices 104 and 105, respectively, with a slight offset to
avoid the output switching on noise or when no crystal
1s present. If this offset feature is used, the duty cycle at
the output will be slightly different than 50% for a pure
sign wave at the input node 120. The duty cycle will
then be given by the equation:

Duty Cycle=100% x[180°—2sin—(Vos/Vp)}/360°

where Vg is the offset voltage between Vpp and
V TRIG.

As noted above, the use of the offset voltage Vg
means that the output waveform no longer has an exact
30% duty cycle. Note also that the amplitude of the
oscillator output signal Vyr4z has an effect on the duty
cycle. For example, in FIG. 2, the duty cycle is de-
creased as the amplitude of the oscillator signal Vx74z
1s lowered. Hence, the greater oscillator output signal
has a better duty cycle. In the preferred embodiment,
the amplitude of Vx4 is limited to approximately 3.3
Vp.p centered around Vgp at 2.5 VDC, and the offset
voltage V ggis approximately 0.08 VDC in the direction
toward Vgs. This is accomplished by making the chan-
nel width of MOSFET device 104 slightly smaller than
the corresponding channel width of MOSFET device
106. This produces a waveform having a duty cycle of
approximately 49% as illustrated in FIG. 2.

FIG. 3 illustrates current source 300 that can be sub-
stituted as current source 113 of FIG. 1. Note that 114
1s supply node V¢, node 115 is ground Vs, and node
119 is the source terminal of oscillator transistor 101.
The current source shown, used in the preferred em-
bodiment, is stabilized for supply voltage V¢ varia-
tions, and also compensates the oscillator gain over
temperature changes. MOSFETs 303 and 307 generate
a voltage across resistor 309 which increases with tem-
perature, and compensates for the positive temperature
coefficient of resistor 309. The net result is drain current
which increases with temperature. MOSFETSs 301, 302,
and 304 through 306, complete the current mirror.

In the preferred embodiment, current source 113 is
comprised of eight MOSFETSs and a resistor, which
provides a 2 milliamp drain-to-source current for tran-
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sistor 101. However, if the constant current source
aspect of the oscillator is not required, source 113 may -
simply be replaced by a resistor. Furthermore, a con-
stant current source without temperature compensation
may be used In particular applications.

FIG. 4 illustrates an alternate embodiment of buffer

stage 123. If a squarewave output is not desired, output
buffer stage 400 may be used to provide a sine wave

output. CMOS devices 406 and 407 are similar in con-
struction and operation to transistors 106 and 107, re-
spectively. Resistor 401 is selected such that the output
buffer doesn’t load down the high impedance oscillator
output. The ratio of feedback resistor 403 to input resis-
tor 401 determines the gain of output stage 400.

FIG. 5 represents an alternate embodiment of limiter
stage 124. Limiter 500, connected between low impe-
dance node 117 and oscillator output node 118, is con-
figured as “back-to-back” Schottky diodes. Diodes 501
and 502 conduct on alternate cycles of the waveform to
clip the AC output signal before it reaches Vccor Vss.

In the preferred embodiment, oscillator 100 is imple-
mented in an N-well CMOS process having a 3.0 mi-
cron minimum channel length. The dimensions of the
MOSFET devices are shown below. The actual device
sizes are made 20% smaller (i.e., 20% shrink) during the
mask-making operation.

A representative set of circuit values for crystal oscil-
lator circuit 100 are listed below:

Supply voltage Vo +5.0 VDC
Ground voltage Vgg 0 VDC
N-channel MOSFET 101 2480/3
N-channel MOSFET 102 260/3
N-channel MOSFET 103 260/3
N-channel MOSFET 104 22/4
P-channel MOSFET 105 66/4
N-channel MOSFET 106 27/4
P-channel MOSFET 107 66/4
Capacitor 108 34 pF
Capacitor 111 28 pF
Capacitor 112 82 pF
Resistor 109 60 Kohms
Crystal 110

(Frequency) 10-20 MHz
(Resistance) Max. 60 ohms

(typ. 10 ohms)

In the preferred embodiment, the capacitors are inte-
grated MOS (double layer poly-silicon) for cost and size
advantages. However, if desired, the capacitors could
be external to the IC. The concept of the present inven-
tion may readily be extended to higher frequencies by
reducing the channel lengths of the MOS devices, e.g.,
L.=1 micron. Furthermore, higher oscillator frequen-
cies can be readily obtained by decreasing the value of
capacitor 112.

In review, the present invention provides a data clock
oscillator circuit with input bias stage/output buffer
stage tracking capability and oscillator output signal
limiting, such that the combination of these features
provide an output waveform having an accurate duty
cycle in a cost effective manner. Further advantages
include: low process dependency; inherent circuit sim-
plicity; wide temperature operating range; low supply
voltage dependency; wide supply voltage operating
range; minimum space requirements; high signal-to-
noise ratio; and frequency independent.

Although a specific embodiment of the present inven-
tion has been shown and described herein, further modi-
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fications and improvements may be made by those

- skilled in the art. For example, it is contemplated that

the circuit configuration of the present invention may
be implemented using discrete devices, as long as the
indicated transistors are matched. It is further contem-
plated that a similar circuit configuration to that of the

present invention may be achieved using inverted topol-
ogy, i.e., opposite conduction type devices. All such
modifications which retain the basic underlying princi-
ples disclosed and claimed herein are within the scope

of this invention.

What is claimed is:

1. A crystal oscillator comprising:

oscillator means for generating an AC output signal,
said oscillator means including tank circuit means
for resonating at a predetermined operating fre-
quency, and including feedback amplifier means
for providing regenerative feedback to said tank
circuit means to sustain oscillation, said oscillator
means further including input means for accepting
a bias signal and output means for providing said
AC output signal having a first duty cycle and
having an average DC value determined by said
bias signal; |

buffer means for amplifying said AC output signal,

“said buffer means including input means, coupled

to said oscillator output means, for accepting said
AC output signal, said buffer input means having a
predefined switching threshold, said buffer means
further including output means for providing a
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crystal oscillator output signal having a second |

duty cycle determined by said first duty cycle, said
AC output signal average DC value, and said pre-

defined switching threshold;

biasing means, coupled to said oscillator input means,
for providing said bias signal, said biasing means
adapted to track device parameter variations of
said buffer means and adapted to vary said bias
signal such that said average DC value of said AC
output signal follows said predefined switching
threshold over changes in temperature, supply
voltage, and manufacturing processes, thereby
providing a crystal oscillator output signal exhibit-
ing a precise duty cycle.

2. The crystal oscillator according to claim 1, further
comprising means, coupled to said oscillator means, for
limiting the amplitude of said AC output signal such
that said amplitude remains within predefined limits
within the operational supply voltage range of said
crystal oscillator.

3. The crystal oscillator according to claim 1,
wherein said buffer means is comprised of at least one
pair of complimentary MOSFETSs constructed and ar-
ranged to form an inverting amplifier network.

4. The crystal oscillator according to claim 3,
wherein said biasing means is comprised of at least one
pair of complimentary MOSFETSs constructed and ar-
ranged to form an active resistor voltage divider net-
work. |

5. The crystal oscillator according to claim 2,
wherein said means for limiting is comprised of at least
one pair of MOSFETs constructed and arranged to
form a back-to-back limiter network.

6. The crystal oscillator according to claim 4,
wherein said device parameters include MOSFET
threshold voltage and gain.

7. The crystal oscillator according to claim 4,
wherein at least one MOSFET of said complementary
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pair from said biasing means and at least one MOSFET
of said complementary pair from said buffer means have
matched geometries and conduction types.

8. The crystal oscillator according to claim 1,
wherein said average DC value of said AC output signal
is offset from said predefined switching threshold to

prevent switching on random noise.

9. A crystal oscillator, having improved duty cycle
accuracy, comprising:

an oscillator stage including an input bias node, an
output signal node, a piezoelectric crystal, a plural-
ity of reactive elements, and at least a first transis-
tor, constructed and arranged to form a parallel
resonant oscillator providing an AC output signal
at said output node having an average DC value
determined by the voltage applied to said input bias
node;

a biasing stage including second and third transistors
constructed and arranged to form a voltage divider
network providing a bias voltage at an output di-
vider node coupled to said oscillator input bias
node, said second and third transistors having pre-
defined device parameters; |

a buffer stage including forth and fifth transistors
constructed and arranged to form an amplifier
network providing a crystal oscillator output signal
at an amplifier output node, said amplifier network
having a predefined input switching threshold at an
amplifier input node, coupled to said oscillator
output signal node, said forth and fifth transistors
having device parameters matched to those of said
second and third transistors, respectively, such that
said amplifier network input switching threshold
tracks said bias voltage over changes in tempera-
ture, supply voltage, and crystal oscillator manu-
facturing tolerances, thereby providing a crystal
oscillator output signal exhibiting a precise duty
cycle.

10. The crystal oscillator according to claim 9,
wherein said second and third transistors are con-
structed and arranged as a first complimentary pair, and
said forth and fifth transistors are constructed and ar-
ranged as a second complimentary pair.

11. The crystal oscillator according to claim 10,
wherein said second and fourth transistors operate at a
greater power supply voltage than said third and fifth
transistors, respectively.

12. The crystal oscillator according to claim 11,
wherein said second and third transistors have conduc-
tion types and geometries matched to said fourth and
fifth transistors, respectively. |

13. The crystal oscillator according to claim 11,
wherein one transistor of said first complimentary pair
is slightly mismatched to its corresponding transistor of
said second complimentary pair to provide a slight
offset voltage between said amplifier network input
switching threshold and said bias voltage.

14. The crystal oscillator according to claim 9, fur-
ther comprising a limiter stage, coupled to said oscilla-
tor stage, constructed and arranged to limit the ampli-
tude of said AC output signal such that said amplitude
remains within predefined limits within the operational
supply voltage range of said crystal oscillator.

15. The crystal oscillator according to claim 9,
wherein said second, third, fourth and fifth transistors
are MOSFETSs constructed and arranged in the same
integrated circuit. |
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16. A CMOS data clock oscillator, having improved

duty cycle accuracy, comprising:

an oscillator stage including an input bias node, an
output signal node, a piezoelectric crystal, a plural-
ity of reactive elements, and a first MOSFET,
constructed and arranged to form a Colpitts oscil-
lator providing an AC output signal at said output
node having an average DC value determined by
the voltage applied to said input bias node;

a limiting stage, coupled to said oscillator stage, in-
cluding second and third MOSFETSs constructed
and arranged to form a back-to-back limiter net-
work providing a soft clipping action to limit the
amplitude of said AC output signal such that said
amplitude remains within a predefined range
within the operational supply voltage range of said
data clock oscillator:

a CMOS biasing stage including fourth and fifth com-
plementary MOSFETs constructed and arranged
to form an active resistor voltage divider network
providing a bias voltage at an output divider node
coupled to said oscillator input bias node, said
fourth MOSFET operating at a greater power
supply voltage than said fifth MOSFET, said
fourth and fifth MOSFETSs having predefined ge-
omeiries and device parameters;

a CMOS buffer stage including sixth and seventh

complementary MOSFETs constructed and ar-

ranged to form an inverting amplifier network
providing a square wave output signal at an in-
verter output node, said inverting amplifier net-
work having a predefined input switching thresh-
old at an inverter input node, coupled to said oscil-
lator output signal node, said sixth MOSFET oper-
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ating at a greater power supply voltage than said
seventh MOSFET, said sixth and seventh MOS-
FETs having conduction types, geometries, and
device parameters closely matched to those of said
fourth and fifth MOSFETSs, respectively, such that
said inverter network input switching threshold
tracks said bias voltage over changes in tempera-
ture, supply voltage, and subsequent data clock
oscillator MOSFET manufacturing process toler-
ances, thereby providing a data clock oscillator
having an output signal exhibiting a precise duty
cycle.

17. The CMOS data clock oscillator according to
claim 16, wherein said fourth and sixth MOSFETs are
P-channel, wherein said fifth and seventh MOSFETs
are N-channel, and wherein said second and third MOS-
FETs are both N-channel.

18. The CMOS data clock oscillator according to
claim 16, wherein said geometries include MOSFET
channel width and channel length dimensions, and
wherein said device parameters include device gain and
threshold voltage.

19. The CMOS data clock oscillator according to
claim 16, wherein said fourth and fifth MOSFETs of
said active resistor voltage divider network have their
respective drain and gate terminals coupled to a com-
mon node, and their source terminals coupled to supply
and ground voltages, respectively. |

20. The CMOS data clock oscillator according to
claim 19, wherein said CMOS biasing stage further
includes a capacitor and a resistor coupled to said com-
mon node to provide filtering and impedance transfor-

mation at said output divider node.
.* ¥ X Xk %
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